We studied the eects of surface passivation on the growth of CdSe quantum dots (QDs). In addition, we fabricated QD thin lms and light-emitting diodes (LEDs). A chemical colloidal method was used to grow CdSe QDs and their characteristics were evaluated by using a photoluminescence (PL) measurement. An eective surface passivation of mono-disperse CdSe QDs was achieved by overcoating them with ZnS. Layer-by-layer assembly was used to fabricate QD thin lms with molecular order and stability. The PL spectra of the QD thin lms indicate that the QDs were successfully assembled into thin lm. Finally, we obtained electroluminescence images from the active layer of the QD-LED as a function of the injection current.
I. INTRODUCTION
The syntheses of colloidal semiconductor quantum dots (QDs) are currently of great interest due to their unique size-dependent properties and have many applications in biological labels [1] , solar cells [2] and lightemitting diodes (LEDs) [3] . Due to their ease of preparation, high quantum yields and tunable emissions in the visible range, CdSe QDs are undoubtedly among the most promising materials used for the fabrication of uorescent thin lms. Moreover, for better conne carrier in CdSe QDs, the potential barrier and the band gap of a passivation material should be greater than those of CdSe. To this end, ZnS is a good candidate [4{6] .
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widespread. There are many methods of thin lm development, such as phase separation [7] , Langmuir-Sch afer deposition [8] , Langmuir-Blodgett transfer [9] and layerby-layer (LbL) assembly [10] . Of these approaches, LbL assembly is the most ecient method for fabricating thin lms mainly because of its low cost and simplicity, its independence of substrate size and topology and the good mechanical and chemical stabilities of the resulting lms. The LbL deposition method is based on alternating adsorption of oppositely charged molecules and leads to the fabrication of 5 $ 500-nm-thick lms that possess high strength.
In this study, the synthesis of CdSe QDs was performed by using the chemical colloidal method and an eective surface passivation of the QDs was achieved by overcoating them with a higher band gap material such as ZnS. Moreover, we investigated the use of charge-driven polyelectrolyte coating of the CdSe/ZnS core/shell QDs to produce functionalized QDs for device integration. Finally, we fabricated QD thin lms and LED devices. The CdSe QD-based solutions, thin lms and devices were studied to evaluate their optical properties by using photoluminescence (PL) and electroluminescence (EL) measurements.
II. EXPERIMENT 1. Synthesis of CdSe/ZnS Core/Shell QDs A three-neck ask containing a Cd solution (Me2Cd in TOP) was heated slowly to 350 C under N 2 -gas ow to form a clear solution. When the temperature reached 350 C, the Se solution (selenium powder in TOP) was quickly injected into the reaction ask. Subsequently, the temperature was dropped to growth temperature (300 C). After the reaction, the CdSe solution was cooled to room temperature. Finally, the purication was carried out by using two precipitations with anhydrous methanol [11] .
ZnS shell formation over a CdSe QD (core) was performed. The ZnS solution was prepared by using a mixture of Me 2 Zn, (TMS) 2 S and TOP. When the temperature of the CdSe solution reached 300 C, the ZnS solution was injected and the temperature was dropped to 270 C. After the reaction, the CdSe/ZnS solution was cooled and kept stirring for 1 hour at 100 C. The QDs were puried by precipitation with anhydrous methanol [4, 12] .
Surface Modication and Layer-by-layer Process
CdSe/ZnS core/shell QDs suspended in chloroform and excess mercaptoacetic acid (MAA) were briey sonicated at 80 C, resulting in displacement of the organic TOP ligands and rendering water-soluble QDs. QD-MAA was puried twice by using methanol/ethanol precipitation, centrifugation and resuspension in a pH-9 tris buer. In addition, puried QD-MAA was mixed with excess polyallylamine (PAA) solution for 20 min and resuspended in pH-9 tris buer [1, 13] .
The glass slides were cleaned by supersonic agitation and were spin coated with 5 mg/mL of hyaluronic acid (HA). A thin lm of QD-PAA (cationic) was deposited on the substrate and the excess QDs were removed by using a methanol rinse. A subsequent layer of QD-MAA (anionic) was similarly deposited on QD-PAA-coated surfaces. Finally, the sample was washed and dried in air [13, 14] .
III. RESULTS AND DISCUSSION Figure 1 shows the PL spectra of typical CdSe QDs and CdSe/ZnS core/shell QDs in solution. The synthesis of CdSe QDs was performed by using the chemical colloidal method and an eective surface passivation was achieved by overcoating them with ZnS. In comparison with the PL eciency, the intensity of the emission that comes from the CdSe/ZnS QDs is about 2 times stronger than that of the typical CdSe QDs. This result implies that the ZnS passivation resulted in an enhancement of the emission due to a decrease in surface trap emissions, such as vacancies, local lattice mismatches, or dangling bonds at the surface. At the same time, the ZnS shell system improves the charge connement in the core due to a potential barrier. Since ZnS is injected into colloidal CdSe QDs at a temperature close to the growth temperature of QDs, the CdSe core grows during the injection of ZnS. Therefore, CdSe/ZnS QDs exhibit a red-shift in the emission spectrum [15, 16] .
Before a QD-LED can be realized, the QDs must be functionally integrated into the device, which requires controlling their interactions with other materials. In other words, incorporation of organic QDs on solid substrates is a prerequisite. Therefore, we have investigated the use of a charge-driven polyelectrolyte coating of CdSe/ZnS core/shell QDs in aqueous solution to produce functionalized QDs. We coated anionic MAAtreated QDs with cationic PAA and studied their optical properties. The emission spectra of MAA-coated, PAA-coated and uncoated QDs were obtained and are shown in Figure 2 . The positions of the emission peaks shift slightly after MAA and PAA exchange, which is attributed to the dierences in ligand binding anities [17, 18] . Except for the shifts in the peak positions, the overall shape of the spectra remained unchanged. There is no observable peak broadening, which suggests that the structure of the QDs is preserved throughout the several processing steps and there is no clumping or fragmentation. Therefore, the polyelectrolyte deposition does not appear to be detrimental to the QDs properties.
LbL assembly is used to fabricate lms with molecular order and stability. Figure 3 shows the PL characteristics of CdSe/ZnS core/shell QDs multilayer lms with dierent numbers of layers. The PL spectra for the CdSe/ZnS LbL lms are basically the same as they are for the CdSe/ZnS QDs in solution [ Figure 1(b) ], except for intensity. In fact, the QDs within the lm showed an enhancement in the emission intensity when compared with the QDs in colloidal solution. This can be explained by a higher degree of surface passivation of the QDs incorporated into the multilayer system relative to that of the QDs in solution [19] . This illustrated that the QDs were assembled successfully into thin a lm. In addition, the observed nearly linear increase in QD emission intensity with increasing number of layers (inset of Figure  3 ) indicates a stepwise, uniform assembling process.
We fabricated a hybrid organic/inorganic CdSe/ZnS core/shell QD-LED structure with an area of about 1.2 ¢ 1.0 mm 2 , where the QDs were embedded between TPD (hole-transporting layer) and Alq3 (electrontransporting layer). The EL was observed from the QD active layer of the QD-LED. Figure 4 shows the variation of EL intensity with injection current from 300 mA to 500 mA. As the injection current was increased further, the EL intensity of the QD-LED increased. In addition, the color of the luminescence was yellowish-orange, which was found to coincide with the wavelength of CdSe/ZnS QDs.
IV. CONCLUSION
The synthesis of CdSe QDs by pyrolysis of organometallic reagents was performed by using the chemical colloidal method. For an enhancement of the quantum eciency, the ZnS shell was directly grown on the CdSe core. As a result, the PL intensity of the CdSe/ZnS core/shell QDs was much higher than that of the typical CdSe QDs. This result suggests that ZnS passivation leads to an enhancement of the emission due to a reduction in the surface trap emissions and to a high potential barrier eect. Moreover, LbL assembly was utilized to fabricate a QD thin lm. The PL spectra for the QD LbL lms were the same as those for the QDs in solution. This result indicates that the QDs were successfully assembled into thin lms. Finally, we fabricated a QD-LED structure and the EL was observed from the QD active layer of the device.
